Genetic diversity is key in providing the variation needed to face stochastic change. Increased habitat loss alters population size and dynamics posing serious threats to the conservation of wild species. Colombia has undergone massive deforestation over the last century, but harbors extraordinary high species diversity of genus Zamia (Cycadales); however, most of the species are under threat. In this study, we targeted the largest accessible remaining populations of 2 closely related species growing as endemics in the Magdalena Valley region of Colombia. We successfully transferred the SSR loci used in previous Zamia studies to these species. In total, we amplified 13 microsatellite loci in 3 wild populations, aiming at: 1) assessing genetic diversity and 2) understanding if the structure found between the 3 populations reflected species and population boundaries due to ecological and historical genetic isolation. We found that the actual population size does not reflect population genetic diversity with a small population (Perales) harboring the highest genetic diversity. In addition, all populations are highly structured regardless of species containment, all showing signs of genetic isolation. Given the high degree of ecological threat, and the inherent biological traits of Cycads, we provide information regarding the prioritization of populations for ex situ management.
These effects are of serious concern as most biodiverse areas in the world have undergone important fragmentation and habitat loss. Wide genetic erosion is the reality of many species of plants (Francisco-Ortega et al. 2000; Hamrick et al. 1992; Vranckx et al. 2012) . Colombia, one of the most diverse countries in the world (Armenteras et al. 2003) , which includes the widest portion of the world's hottest hotspots for plants (Myers et al. 2000) , does not escape this trend. Although total habitat destruction entailed by deforestation has not been estimated at the country level (Sanchez-Cuervo and Aide 2010), key Colombian ecosystems such as cloud and dry forests are known to have suffered the most (Armenteras et al. 2003) . Also, these have lost most in the Andean region of Colombia, including the inter-Andean valleys, which have been intensively used for grazing and agriculture (Toro-Murillo 2009) .
The Magdalena River Valley, stretching 1528 km from South to North in Western half of Colombia, is composed by the inter-Andean valleys formed by the Central and Eastern Cordilleras along the Magdalena River. It is one of the least-studied landscapes in Colombia, but it is considered to support comparable biodiversity to other Colombian regions (Toro-Murillo 2009) . Within the middle portion of this long valley, the Magdalena Medio Region has suffered a systematic eradication of its wildlife (Aristizábal and Tuberquia 2011) . The landscape today is a complex mixture of extensive paddocks for cattle grazing, small forest fragments, and large mining operations (both legal and illegal) of gold, platinum and limestone sands ( Figure  1 ). All these activities are described by the ADRA (the government agency that regulates economic growth in the sector) as "technologically obsolete, destructive and showing a complete disregard for sanity and environmental restoration policies" (ADRA 2013) .
It is in this complex area that 4 of the 21 currently accepted species of Zamia in Colombia thrive today. It comes as no surprise that these 4 species are all under serious conservation threats (and 53% of Zamia species are under some category of threat at the country level; MinAmbiente 2015). These concerns are aggravated by the fact that Zamia, as all cycads in general, exhibit biological traits that dim their conservation prognosis, such as specialized pollination syndromes (Tang 1987) , long life cycles, and an association to highly specific substrates (Norstog and Nicholls 1997) . Cycad growers around the world spend important efforts in finding the specific soils that must be well drained but humid, partially alkaline, and with embedded rocks. In addition, specialized pollinators are needed for seed recruitment to occur, as seen with Rhopalotria mollis (Coleoptera: Curculionidae) and Zamia furfuracea in Florida (Norstog and Fawcett 1989) .
However to date, there is scarce knowledge of the ecological requirements of the vast majority of Zamia species. In addition, ensuring positive population dynamics or even population persistence in the short term, remains unrealistic. Colombia is the most species-rich country for Zamia in the world, but specific boundaries are still highly problematic, with several names yet to be assigned (4 species descriptions underway) and major uncertainties regarding morphological variation, and the geographic and ecological distributions of species and populations. Several species are known from a few individuals or very small population remnants that do not allow for a proper assessment of these factors. But, deforestation and other threats are advancing at an unrelentless pace.
In view of these difficulties, ex situ and in situ conservation strategies are in urgent demand. Which areas/populations/individuals to draw material when aiming at their genetic rescue and conservation? Population enrichment and reintroduction programs would highly benefit from proper plant material to start with. Which populations to consider for these plans? Which populations harbor the highest genetic diversity? How is a sufficient genetic diversity assured for conservation and management plans?
Here, we study the genetic diversity and structure of 3 populations ascribed to 2 Zamia species that are endemic to the Magdalena Medio region, Z. incognita and Z. melanorrhachis. The 2 are represented by small, isolated, and severely threatened populations. There is barely any ecological knowledge of Z. melanorrhachis, but Z. incognita has received considerable attention over recent years. Zamia incognita exhibits a highly specialized pollination syndrome involving an undescribed beetle of genus Pharaxonotha (ValenciaMontoya et al. 2017 ) and includes 8 known populations of which 3 are currently under restrained access due to political instability. One of the studied populations, Maceo, reaches an extraordinary density of 40 000 plants/Ha). However, this achievable high population density does not alleviate concern over the species' future, as total population areas are small, in the order of hundreds of square meters, and consist of completely isolated patches. On the other hand, Z. melanorrhachis is known from 5 populations consisting of scattered individuals over heavily disturbed land.
In view of the serious threats to these species, and in the aim of contributing to their National Management plan (López-Gallego, personal communication; see MinAmbiente 2015) , in this study we aimed at 1) assessing genetic diversity in the few remaining populations of Z. incognita and Z. melanorrhachis in the world, and 2) at understanding if the structure found between the 3 populations reflected species and population boundaries due to ecological and historical genetic isolation. With respect to our first aim, we predicted that Maceo (Z. incognita) would hold the highest genetic diversity due to the current conservation state of the population, and that the other 2 populations would hold lower genetic diversity due to genetic erosion. With regards to our second aim, we predicted that genetic structure would be more marked between Fortuna and the other populations as a reflection of historical species divergence, but that even intraspecific structure would be complete due to a long-established ecological isolation of populations in this area.
Methods

Description of Study Site and Populations Assessed
Previous botanical surveys (Aristizábal and Tuberquia 2011; Alicia Rojas, personal communication, MinAmbiente 2015) account for a total of 8 Z. incognita and 5 Z. melanorrhachis populations. In the present study, only 3 populations were sampled (2 of Z. incognita and one for Z. melanorrhachis), mainly for security reasons in the region. Zamia incognita was sampled on the West and Z. melanorrhachis on the East riviera of the Magdalena River.
Maceo is a small town 15 km from the main road connecting the cities of Medellín and Puerto Berrio, at an altitude of 950 with a mean temperature of 30 °C. Historically, the main economic activity in the past 30 years has been cattle grazing and gold extraction. More recently, there has been support from the government to cultivate cacao orchards. Nowadays, the landscape is a complex mixture of paddocks, forest patches, cacao fields, unpaved roads, and small settlements, all surrounding karstic cones. These cones consist of a limestone core and a thin organic layer and are crowned by forests. The sampling site is at the junction of the Guardasol and Alejandría rivers, where these form the Alicante River. On the summit of one of these cones, at 350 m, Z. incognita is hyper-dominant, with a density of 4 adult plants per square meter. The population grows within a dense liana forest, competing with also hyper-dominant Chusquea sp. (Poaceae) and Vanilla sp. (Orchidiaceae).
The forest at the site is intact today due to the very rugged terrain with steep slopes. However, mining activities have started at 4 km from the site and are planned to extend in its direction, and there is no effective legal protection of the site.
The population has been studied for over 7 years. In contrast to other endangered Zamia populations in the country, Maceo exhibits important levels of seed production and seedling recruitment. At least 2 masting events have been detected during this time period, with seed production rising up to 2000 per year and a seedling survival of 80% (Aristizábal and Tuberquia 2011) . Its main pollinator has been identified as Pharaxonotha sp. nov. (Erotylidae) (ValenciaMontoya et al. 2017) and is very abundant.
Puerto Perales (henceforth "Perales") is a small town located 2 km from the road connecting Bogotá and Medellín, close to the Magdalena River. The population of Z. incognita is located on 3 private ranches, near Perales (Aristizábal and Tuberquia 2011) . Population density there is significantly lower, but the population area is larger. We counted 300 individuals but did not cover the whole range, and found signs of seedling recruitment (ca. 40%). Twenty years ago, the site was impacted by major fires. The population here does not reside on a karstic cone, and the landscape is a combination of paddocks and forest fragments. No legal protection guards this area and only one owner manifests interest in engaging in the conservation of the forest, and therefore the species' herein.
La Fortuna (henceforth "Fortuna") is a small district where the installment of high-voltage network towers was planned. In view of the finding of a Zamia melanorrhachis population in the area, the infrastructure plan was forced to finance a population relocation project. Relocation was done 150 m Northeast of the original site. The relocated population consists of vegetative young adults. No evidence of seedling recruitment was found. At least 200 plants grow at the site, consisting of a well-preserved forest fragment, within an area of paddocks, chicken galpons and a huge hydroelectric plant; according to the field guide, who worked during the relocation, at least 95% of the original population was moved, thus making the new relocated population a proper sample of the original one.
DNA Extraction, Microsatellite Amplification and Genotyping
DNA extraction was performed using a DNeasy Plant Mini Kit (Qiagen, Valencia, CA) and 20 mg of dry leaf tissue; the grinding was done with a mortar and pestle directly with the lysis buffer and the leaf fragment until a homogenous mix was achieved. A total of 13 SSR microsatellite loci (see Supplementary Table S1 ) were selected from Nakamura 2007 and Meerow et al. 2012 , and PCR amplification conditions follow Meerow et al. 2012 . We sampled 30 individuals per population, but successfully extracted DNA from 16 individuals from Maceo, 17 from Perales and 18 from Fortuna. The distance between collected individuals was not measured, but was always kept at a minimum of 15 m.
Assessment of Genetic Diversity
Missing data per locus per population was assessed using the info_ table(…) command from the poppr 2.2.0 R package (Kamvar et al. 2014; Kamvar et al. 2015; R Core Team 2016) , where 2.87% of the data was missing, all of it from the Fortuna population at loci Zam59 and Zfg23. General genetic diversity information was extracted using the poppr(…), and the basicStats(…) and divBasic(…) commands from the diveRsity package (Keenan et al. 2013) . All the obtained values were confirmed using Arlequin 3.5.2.2 (Excoffier and Lischer 2010) and GenePop 4.2 (Raymond and Rousset 1995; Rousset 2008) . The M-ratio (Garza and Williamson 2001) was estimated via the mRatio(…) command from the strataG package (Archer et al. 2016) , under a stepwise mutation model. To asses population-level pairwise comparisons, we used the diffCalc(…) command from the diveRsity package (Keenan et al. 2013 ).
Genetic Structure Between Populations
We used structure inference algorithms following François 2016 within the R environment. Package LEA 1.4.0 was downloaded from http://www.bioconductor.org/ along with 2 custom scripts coded by François 2016. Optimal K was calculated using snmf(…) command, and the q-matrix was constructed with the Q(…) command. Visualization of the ancestry coefficients for each individual and for K = 3 clusters was done via the basic barplot(…) function. To assess the suitability of K = 3, package LEA uses the cross-entropy criterion, as does ADMIXTURE (Alexander and Lange 2011) , which is based on the prediction of a fraction of masked genotypes (matrix completion), and on the cross-validation approach.
A Discriminant Analysis of Principal Components, DAPC, (Jombart et al. 2010 ) was implemented via the adegenet 2.0.0 package (Jombart 2008) . This approach allows extracting rich information from genetic data, providing assignment of individuals to groups, a visual assessment of between-population differentiation, and contribution of individual alleles to population structuring; also, this approach is faster than Bayesian clustering algorithms. Knowing the optimal K beforehand, we still corroborated this value using the find.clusters(…) command, which uses the Bayesian Information Criterion (BIC) as a summary statistic. The lowest BIC corresponded to 3 clusters, and thus being the latter command an interactive one, a grp object was generated with 10 Principal Components and 3 inferred clusters. This object was then analyzed using the dapc(…) function under 10 Principal Components and 2 Discriminant Functions. The dapc(…) result was then plotted using the generic function scatter(…). It is worth noting that a DAPC was chosen because a STRUCTURE-like approach assumes that markers are not linked and that populations are panmitic (Pritchard et al. 2000) .
Given the power of the first discriminant function to segregate the K = 3 clusters, the compoplot(…) command from package adegenet was used to assess the individual variable contribution via de loadings estimator, with a significance of 0.05 (Supplementary Information S2).
Results
Assessment of Genetic Diversity
The mean percentage of polymorphic loci was 72.1% and the range was 69.3-78.9% (Table 1) for all individuals across all 13 loci. Across all taxa, the loci uniquely genotyped 45 of 48 individuals (93.75%). Both Z. incognita populations where genetically diverse, with Perales showing the highest degree of heterozygosity and genetic diversity. Fortuna population was significantly less diverse in terms of genetic diversity and heterozygosity.
Zamia incognita had a greater allelic richness; Perales population with 4.04 (CI: 3.54, 4.46), Maceo with 3.18 (CI: 2.77, 3.54), and Z. melanorrhachis (La Fortuna) with 1.63 (CI: 1.46, 1.77). Loci Zam05, Zam29, and Zam08 where monomorphic for all populations, and Zam40 was significantly polymorphic, reaching 22 alleles. Locus Zam17 showed a significant deviation from H-WE (P = 0.05), and out of the 13 loci for all 3 populations (a total of 36), 30 were found to be in H-WE (P = 0.05). For Z. melanorrhachis, locus Zam59 was absent. M-ratio was strikingly similar for both Z. incognita populations (Table 1) , and Z. melanorrhachis showed evidence of a recent bottleneck with a M-ratio = 0.651 (Table 1 ). In general, there were 48 multilocus genotypes, and the Fortuna population had the highest number of polymorphic loci and least amount of private alleles.
Genetic Structure Between Populations
We found evidence of a strong structure among all populations; Maceo and Perales populations exhibited similar fixation indices based on all calculated F ST -based statistics (Table 2) ; and as expected, for the Fortuna population, all indices were significantly greater. Beforehand, we assigned 3 maximum number of clusters K, and this was corroborated under the cross-entropy criterion which also estimated K = 3 (Figure 2 ) and a Bayesian Information Criterion of 19.897. The structure cluster histogram clearly shows a high degree of genetic isolation for Fortuna, and both Z. incognita populations exhibited some degree of admixture based on the calculated Q-matrix (data not shown). Perales seems to have more of a half-way degree of structuring between the remaining populations, as indicated by the F ST -based statistics and the inclusion of some genotypes from both (Table 2, Figure 2 ).
The Discriminant Analysis of Principal Components, DAPC, suggested via the cross-validation that 10 Principal Components explained 88% of the variance of the original data. The eigenvalues obtained advised the inclusion of 2 linear discriminants (first linear discriminant = 967, second = 201,8). The DAPC variable loadings included in the analysis showed that loci Zam40, Zam53, Zam59, Zfg25, and Zam56 provided the highest resolution values for the assignment of individuals to each of the K = 3 clusters. However, it is worth noting that Zam53 exhibits significant departure from H-WE (P = 0.05) for both Z. incognita populations, Zam59 was null for Z. melanorrhachis, and Zam56 was not in H-WE for the Perales population (P = 0.05); as done in other studies (Meerow et al. 2012 ), all these loci were included in all posterior analyses. Zam40 has the highest discriminatory power within both functions, probably because of it being the most polymorphic locus, with a total of 19 alleles. Within these, Maceo had private alleles 185 (f = 0,6875) for locus Zam56 and allele 225 for locus Zam40 (f = 0.594); Fortuna had a private monomorphic allele 187 (f = 1.000) for locus Zam56. Interestingly, Perales had 3 private alleles for locus Zam56, 1 for locus Zfg25, and 10 for locus Zam40, all of them polymorphic.
Although with 2 linear discriminants, both species could be segregated in 2 different groups, and all 3 clusters clearly specified different population and inertia ellipses (Figure 3) , even by using just 1 linear discriminant (Figure 3 ). This is due to the significant difference between the eigenvalues of each linear discriminant (765.2).
Discussion
The results obtained here allowed us to understand the distribution of genetic diversity of the populations that could be accessed for 2 endemic, threatened, and understudied species. Polymorphism was high in all loci used, indicating a high potential of these SSRs in conservation studies.
In general terms, genetic diversity (He and number of alleles) was lower in these species than reported for the Caribbean Zamia (Meerow et al. 2012) . However, at the species level, Colombian Zamia are morphologically and physiologically the most diverse (Tang 2006 ), being found in 3 different regions forming discrete clades (Andean, Amazonian and Pacific clades) (Calonje and López-Gallego pers. com.). This comparatively low genetic diversity could be due to the small species ranges, that is, the high endemicity.
The inclusion of data from 2 species in the study is explained by the fact that genetic diversity hasn't been widely surveyed in Colombian Zamia. Thus, in the first place, we wanted to explore if the genetic structure corresponded to taxonomic delimitation of species identity. In terms of morphological identity, Z. melanorrhachis and Z. incognita are not clearly delimited. This first attempt with 2 closely related species would establish a basis by which to plan and design further genetic assessments. Is structuring present between populations or just between species?
Significant differentiation between both of the Z. incognita populations (Table 2) suggests that populations behave as independent 
In the lower diagonal values for the 999 bootstrap replicates are shown, with a confidence level of 95%; note that most bootstrap confidence intervals including Fortuna were impossible to calculate. Hardy-Weinberg Equilibrium tests were performed under a 0.05 significance. N a = number of alleles, H O = observed heterozygosity, H e = expected heterozygosity, AR (sd) = Allelic range (standard deviation), M-ratio (Garza and Williamson 2001). evolutionary units in the sense that these are completely genetically isolated. However, because F ST is a summary statistic for a set of subpopulations, it provides little insight into the landscape-level processes that differentially affect spatial patterns of genetic structure and rates of gene flow among individual subpopulations (Sork et al. 1999) . Thus, it is recommended that heterozygosity and allelic richness is taken into account whilst drawing conclusions. To this end, and using the DAPC individual variable contributions (Supplementary Material S2), both discriminant functions (specifically the first one, Figure 3, top) showed that 2 polymorphic and private alleles within the Maceo population, and one polymorphic allele for Maceo and Perales, but null for Fortuna population, clearly segregated the 3 clusters (Figure 3) .
Low levels of gene flow between populations are expected in Zamia, as well as in most cycads. Although having complex and refined plant-insect symbiotic relations in terms of pollination syndromes, these occur within small domestic ranges, and cycads face difficulties for seed dispersal. Seeds are big and heavy for most understory animals to carry, and have a highly toxic, nonproteic amino acid BMAA within their tissues (Brownson et al. 2002) . Consequently, cycad seed dispersal is thought to be either moved by gravity (personal observation), or water currents in insular landscapes (Kyoda and Setoguchi 2010; Tang 2002) . It is in this sense that the current distribution of Z. incognita and Z. melanorrhachis is not likely explained by dispersal, as distance between populations is typically several tens of kilometers (in straight line), within a heterogeneous geomorphology. We believe that the distributions of these 2 species are better explained by range expansion/contraction and fragmentation. However, it remains vital to include more populations in order to test these hypotheses throughout the whole species ranges.
Regarding the historical effects due to species boundaries, it is important to bear in mind that Z. incognita and Z. melanorrhachis are both in an Andean clade of closely related species. This suggests that these closely related species should, in theory, share alleles. Historical rates of gene flow have traditionally been estimated indirectly from the fixation index of population subdivision relative to the total population (F ST ). In the present study, using F ST and F ST -like summary statistics, we found that there is a clear differentiation of the Fortuna (Z. melanorrhachis) population from the Maceo and Perales (both Z. incognita), in correspondence to taxonomic identity.
Across the area studied, our data suggest a gradient in genetic variability that does not relate to current population size and could possibly be explained by geographic positioning. Perales exhibited a higher degree of He, Ho, and allelic range when compared to the other populations (Table 1) , but Maceo is the largest population today and the one more actively reproducing when compared to any other known Colombian Zamia population. The high genetic diversity of Perales could correspond to a historical effect, given that it is located at the center of the whole species distribution. Although lacking more populations, we assume that these are all relicts of a once widespread population throughout the valley. This is supported by a lower genetic variation in Maceo with lower heterozygosity, number alleles, allelic range, and higher proportion of private alleles ( Table 2) .
The ratio of the number of alleles to range in allele size, M, can be used to detect reductions in effective population size (Garza and Williamson 2001) , and thus indicate genetic bottlenecks. For La Fortuna this ratio (M = 0.651) was low, and strikingly similar for both the Maceo and Perales populations (0.896 and 0.893, respectively) . Given that M can distinguish between populations that have been recently reduced in size and those which have been small for a long time, our data show that both Z. incognita populations have been recently reduced in size, and Fortuna has been demographically and genetically small and isolated for a long time (Table 2) .
This M-ratio points at a long and relatively steady situation that is also evident for Maceo from an ecological perspective. This Table 1 . Discriminant Function 1 clearly has a stronger differentiation power for the K = 3 clusters, mainly for 2 private and polymorphic alleles for Maceo (Zam56 allele 185 and Zam40 allele 225), and for a polymorphic allele for both Maceo and Perales, but null for Fortuna (Zfg25 allele 196). Function 2, though having some discriminatory power, the degree to which it can differentiate groups is less than Function 1. See online version for full colors.
population is located atop a limestone outcrop within a forest very similar to Perales. Maceo is also one of a kind given the density (ca. 40 000 plants per Ha), and the degree to which pollination occurs, producing over 1000 viable seeds per season in a nonmasting season. Maceo could be described as a well-founded population; however, high inbreeding reflects complete current isolation.
For in situ conservation of Zamia, and cycads in general, it is paramount to study life-history traits, specifically the unique pollination syndromes and mechanisms for seed dispersal. Regarding Z. incognita (Table 2) , Maceo has a high degree of pollinator activity (Aristizábal and Tuberquia 2011) , and Perlaes harbors an unexpectedly high genetic diversity. If one were to rekindle these 2 phenomena within the same locality, this species survival would be secured in the long run, but only if anthropogenic effects were halted.
The existence of Z. incognita has been known for at least 2 centuries, albeit the current name was published recently (Lindström and Idárraga 2009) ; in fact, the epithet refers to the historical misclassification of this species as other Zamia species. This reflects only the vague information scientists had regarding Z. incognita, which until now had no genetic diversity studies. However, recent research has provided valuable information regarding demography and habitat description (Aristizábal and Tuberquia 2011) , in vitro cultivation (Urrea et al. 2012 ) and conservation status (Galeano et al. 2005; MinAmbiente 2015) . The information presented here provides insights into the genetics of this species, although it is evident and paramount that we need to include more populations and more individuals per population in order to grasp the species' real distribution range through the Magdalena Medio Region.
The situation of Z. melanorrhachis is more problematic both in terms of genetic diversity (Table 2) , of the lack of direct or indirect pollinator activity at Fortuna, and of the fact that this population was relocated not long ago within an anthropogenic landscape with aggressive, ongoing land transformation practices. However, there are reports of other novel populations in Santander department, and researchers there are establishing seedling farms for Z. incognita, Z. encephalartoides, and this species (M. Calonje and A. Rojas, personal communication; MinAmbiente 2015) . The identification of the pollinator is pending, and inoculation needed in the populations where it has been lost. This, along with governmental protection via political protection could, in the long run, provide some assurance of this species' survival in the wild.
In spite of sampling limitations due to population accessibility and successful DNA extraction, the data presented here can act as a base upon which future studies can be implemented, specifically the fact that the loci here used are transferable and polymorphic. The genotyping of more populations and species with these loci would provide a better understanding of the overall distribution of diversity in Colombian Zamia. This in turn could guide important conservation strategies such as for which populations to prioritize conservation or how many individuals to relocate, or to include in live collections per population and species.
Considering the high diversity in a small population such as Perales, and also vast uncertainty regarding effective protection of the site, ex situ conservation remains a promising approach. Botanical Gardens in neighboring areas, and especially private collections, are key in the conservation of Zamia species, which has been shown as feasible for other Zamia species . Within Colombia, there are 2 private collections where research on artificial pollination protocols are being evaluated, substrate ideality gauged, horticultural practices refined, and are actively producing viable seeds; the seedlings produced could be relocated within the natural populations to introduce more and/or long-lost alleles to augment the genetic pool from which the species' fitness could increase. The Red Nacional de Jardines Botánicos de Colombia (http:// www.jardinesbotanicosdecolombia.org) has 20 institutions ascribed to it, 13 of which are within the Andean Region, and at least 10 of these have all the Magdalena Medio species. Our results highlight the importance of this germoplasm banks to ensure the survival of the species in the long run. It is our belief that more synergistic alliances between governmental institutions such as botanical gardens and private collections could and should exponentially produce information and results that in the short term will provide the necessary tools to avoid the extinction of Colombian Zamia populations and species. The recently formed Sociedad Colombiana de Cycadas (http://www.cycadascolombia.org/) is one such initiative that could concentrate the as of now scattered efforts and pave the way for cycad conservation in the country.
Conclusions
This is the first population genetics study on Colombian zamias that we know of, proving that most of the SSR microsatellite loci used in other Zamia studies can be successfully transferred to these Colombian species. This forges a substrate upon which future conservation genetic studies can be executed using Colombian zamias.
The results obtained in the present study reflect a long-known conservation situation for cycads in Colombia. The populations of Z. incognita are structured and isolated, and species boundaries are clear with them and Z. melanorrhachis. The information provided here represents the basis for future research questions in conservation genetics, and also points at the fact that both ex situ and in situ strategies are urgent for Colombian cycads. The high diversity found in Perales suggests actions should be carried out immediately to preserve its remaining individuals. More populations should be tested on a similar data set to improve our understanding of the distribution of genetic diversity and the genetic identity of these discrete populations of cycads in Colombia.
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